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　Falls can change the quality of life of healthy 
elderly individuals. In Japan, people aged 65 years 
or older now represent more than 21%1 ) of the 
population ; therefore, the detection of fall risk in 
the elderly is very important.  Measures to protect 
the elderly against falling have been taken in all 
parts of Japan.  For example, occupational therapists 
have intervened in fall prevention in many cases. 
Nevitt MC et al.2 ) reported the intrinsic risk factors 
for falling and divided them into three levels, 
strong, moderate, and weak.  The “strong” risk 
factors included an age of 80 years or older, being 
female, mobility impairment, a history of falls, poor 
performance in an activity-based test of balance, 
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　The aim of this study was to clarify the usefulness of assessing dual task 
performance for fall prediction.  In experiment 1, we prospectively investigated the 
new fall experiences of 108 participants (50 elderly daycare users and 58 fall 
prevention class participants) and produced a fall prediction model.  The fallers 
represented the subjects who suffered a new fall experience during the follow up 12-
month period, whereas the non-fallers did not fall during this period.  The two 
groups were compared with regard to their age, sex, history of falling, medication 
related to falling, grip strength, gait speed, step length, dynamic standing balance, 
the Timed Up and Go (TUG) test score, dt-TUG score, %TUG, and mini－mental 
state examination score. Multivariate logistic regression analyses were performed to 
produce a fall prediction model.  In experiment 2, we investigated the accuracy of 
the fall prediction model using 39 newly recruited individuals.  In experiment 1, 8 
(13.8%) of the fall prevention class participants fell within 12 months.  Among the 
fall prevention class participants, there were significant differences in grip strength, 
gait speed, step length, TUG, and dt-TUG between the fallers and non-fallers.  In 
stepwise logistic regression analysis, two factors were found to have value for fall 
prediction ; i.e., falling within one year preceding the baseline and TUG. In 
experiment 2, 12 people were predicted to fall within the 12-month follow-up period ; 
however, only 5 people actually fell.  Three of them were predicted to fall, but 2 of 
them were not.  The success ratio of the fall prediction model was 60%.  Nine of 
the 12 people that were predicted to fall did not.  Our result showed that TUG was 
the most important factor for fall prediction; however, dt-TUG was also related to 
fall prediction in individuals that were not in receipt of care services.  Therefore, 
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performance, reduced muscle strength, cognitive 
impairment, Parkinsons disease, and medication ; 
however, poor dual task performance was not 
shown to be an intrinsic risk factor.  The incidence 
of fall is varied among the studies3-7) and one of the 
reasons of this variety might be due to the various 
profiles of subjects in each study8-12).
　Some studies13-21) have reported a relationship 
between dual task performance and fall risk. 
Therefore, an assessment involving complex dual 
task performance might predict falls better than a 
physical assessment or a simple cognitive task 
alone.  Dual task studies could provide new 
interventions for occupational therapists when 
added to tasks considering physical function, 
cognitive function, and the environment.
　In a previous study, we investigated fall risk 
using a semi-structured interview, a physical 
assessment, and dual task performance as a cross-
sectional study22).  As a result, we suggested that a 
slow gait speed and a short step length were 
“strong” risk factors for falling, and it was also 
suggested that dual task performance is partially 
related to fall risk.  Moreover, physical assessments 
and dual task performance could not predict the 
risk of fall in participants that had suffered a 
stroke or were on medication.  Thus, previous 
studies have not clarified the importance of dual 
task performance on falls.
　In experiment 1, we prospectively investigated 
the new falling experiences of the 108 individuals 
we examined in our previous study22) over a 12-
month period and assessed the accuracy of fall 
predictions derived from dual task performance. 
We subsequently produced a fall prediction model. 
In experiment 2, we investigated the accuracy of 
the fall prediction model in 39 newly recruited 
individuals.  The objectives of this study are to 
clarify the usefulness of assessments of dual task 





　The study design and data collection were 
described in our previous report22).  The previous 
study included 108 individuals of 65 years or older, 
including 50 elderly daycare users and 58 fall 
prevention class participants, who were recruited 
in 2005.  Information on fall incidents was collected 
during a 12-month follow-up period from two 
sources.  Elderly daycare users were asked whether 
they had fallen in the previous year by their 
medical staff, and the fall prevention class 
participants were questioned by phone.  The 
response rate was 95.4% ; 45 elderly daycare users 
and 58 fall prevention class participants participated 
in the study.  The selected subjects were able to 
walk at home and carry out tasks, even though 
some of them had dementia, visual or hearing 
impairments, or partial paralysis.
　Age, sex, fall history, medication, Mini-Mental 
State Examination (MMSE) score, grip strength, 
gait speed, step length, dynamic standing balance 
and Timed up & Go test (TUG) score were 
assessed.  For the dual task test, a 2-step forward 
calculation was performed during the TUG (dt-
TUG). It is because that this dual task was 
reported to affect motor performance in the 
elderly but not in the young23).  The subjects in the 
fall prevention class could not undergo the MMSE 
because the class sponsor prohibited it.
　Medication use was classified into two categories : 
(1) no medication use or medication unrelated to 
falling and (2) medication related to falling (hypnotics, 
benzodiazepine, antidepressants, neuroleptics, 
antihypertensives, vasodilators, NSAID, cardiac 
drugs, antiepileptic medication, antiparkinsons 
medication, or chalybeates).
　The dt-TUG was assessed using two kinds of 
evaluation, one was performance time, and the 
other was whether they “Stopped walking when 
talking”.  The ratio obtained by dividing dt-TUG 
score by TUG score was calculated as follows : dt-
TUG / TUG × 100 = %TUG.
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　We showed the characteristics of the two facilities 
separately to know the difference of incidence of 
fall.  The subjects baseline characteristics are 
shown in table 1.  The fallers represented those 
participants who suffered a new fall experience 
during the follow up 12-month period, whereas the 
	
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
non-fallers did not fall within this period.  The two 
groups were compared using the Student t-test for 
continuous variables : age, grip strength, maximum 
walking speed, step length, TUG, dt-TUG, %TUG, 
and MMSE score ; the Mann-Whitney U-test was 
used for comparing ordinal variables : dynamic 
standing balance ; and the Chi-square test was 
used to compare categorical variables : fall history 
and medication related to falling. 
　Secondly, multivariate logistic regression analyses 
were performed to elucidate the relationships 
between fall occurrence during the follow-up 
period and the baseline characteristics.  Variables 
showing statistically significant associations (p＜
0.15) in this analysis were entered into the 
subsequent stepwise logistic regression analysis to 
produce a fall prediction model. 
　Thirdly, the validity of the stepwise logistic 
regression model was compared by computing its 
sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and the 
likelihood ratio (LR) divided by the cutoff score for 
each parameter at a criterion level of 0.05.  Cutoff 
scores were calculated from a Receiver Operator 
Characteristic (ROC) curve (Figure. 1).  The LR 
combines sensitivity and specificity into a value of 
prognostic accuracy at an individual level 24).  The 
thresholds for prognostic significance were : positive 
LR＞2.0 (LR+) and negative LR＜＿ 0.5 (LR－)25).
　All analyses were performed in JMP, version 7.0. 




　The participants were recruited through the 
Nomi Municipal Hospital and a senior citizens 
class in Nonoichi.  The inclusion criteria were the 
same as in experiment 1 but participants in receipt 
of a care service were excluded.  The study was 
approved by the Medical Ethics Committee of 
Kanazawa University (Ethics judgment number : 
140), and the participants gave their informed 
consent to participate in this study.
　Thirty-nine individuals (26 women and 13 men, 
mean age ± SD ＝ 75.0 ± 4.8 years) were enrolled 
this study between April and July 2008.  Two 
participants (5.2 %) suffer a stroke, and 2 other (5.2 
%) underwent total knee arthroplasty.  However, 
they were able to carry out our evaluation tasks.
　First, the participants data was input into the 
fall prediction model produced in experiment 1. 
During the next 12 months, information about any 
new fall experiences was collected by phone 
between April and July 2009.  Then, we calculated 




　None of the fall prevention class participants 
died during the follow-up period.  All of them were 
asked about any falls they had suffered, and 8 
(13.8%) of these subjects fell during the 12-month 
study period. 
　Five of the elderly daycare users dropped out 
because they were hospitalized or had left the 
elderly daycare service, and 16 (32.0%) of these 
subjects fell during the 12-month study period. 
　Table 1 shows that there were significant 
differences in grip strength, gait speed, step length, 
TUG, and dt-TUG between the fallers and non-
fallers among the fall prevention class participants. 
However, there were no significant differences in 
the any of the parameters among the elderly 
daycare users.  Accordingly, the forward analysis 











































　In the stepwise logistic regression analysis, two 
factors were chosen as predictors of falls ; i.e., a 
fall within one year preceding the baseline and 
TUG.  In table 2, the multivariate regression model 
shows that TUG was significantly associated with 
new fall events, and the fall prediction model is 
described below.
　log p/(1-p)＝11.099 + 0.733×(fall within one year 
preceding the baseline, Yes＝－1, No＝1 )－1.104×TUG
　p ＜＿  0.5 : No fall
　p ＞ 0.5 : Fall

















0.17086.4±5.7 84.1±5.2 0.62976.1±7.9 75.1±5.2 Age, mean±SD
0.87613 (28.9%)23 (51.1%)0.0728 (13.8％)35 (60.3％)Female, n (%)
0.49214 (31.1%)23 (51.1%)0.1566 (10.3％)24 (41.4％)History of falling at the baseline, n (%)
0.9776 (13.3%)11 (24.4%)0.0664 (6.9％)10 (17.2％)Fall within one year preceding the baseline, n (%)
0.67713 (28.9%)22 (48.9%)0.8334 (6.9％)27 (45.6％)Medication related to falls, n (%)
0.31217.92±4.22 19.51±5.37 0.02922.22±3.63 27.04±5.61 Grip strength (kg)
0.7732.50±0.902.41±0.980.1642.00±1.201.58±0.70Dynamic standing balance (point)
0.80353.40±15.0355.34±18.780.02475.53±16.2189.89±16.30Gait speed (m/min)
0.8670.471±0.1080.476±0.1060.0200.593±0.0920.683±0.099Step length (m)
0.50014.0±4.8 15.5±7.9 ＜0.00019.7±1.87.6±1.2TUG (s)
0.39118.4±7.6 21.4±12.50.04810.7±2.7 9.2±1.9dt-TUG (s)
0.553131.9±32.2 138.4±35.90.071108.3±13.2 120.0±17.2 %TUG








0.80－5.404.330.13152.32Fall experience within one year preceding the baseline, n (%)
1.57－7.263.020.003612.76TUG(s)






0.6351.62.590.928.780 (40/50)50 (4/8)yesFall experience within one year preceding the baseline 
0.7482.294.4693.541786 (43/50)62.5 (5/8)＜＿ 21.9Grip strength (kg)
0.7232.133.1393.033.380 (40/50)62.5 (5/8)＜＿ 76.73Gait speed (m/min)
0.741.764.1791.74088 (44/50)50 (4/8)＜＿ 0.556Step length (m) 
0.822.5110.429462.594 (47/50)62.5 (5/8)＞＿ 9.3TUG (s)
0.6961.888.33392.257.194 (47/50)50 (4/8)＞＿ 12.49dt-TUG (s)
0.6952.722.3494.427.368 (34/50)75 (6/8)＞＿ 112.32%TUG
The fall prediction model
0.8883.12510033.368100Fall experience within one year preceding the baseline and TUG
PPV : positive predictive value, NPV : negative predictive value, LR+ : Likelihood Ratio of a positive test result,
LR- : Likelihood Ratio of a negative test result, AUC : Area Under the ROC Curve 
　Table 3 shows each cutoff point, the area under 
the ROC curve (AUC), and the values associated 
with the accuracy of fall risk prediction derived 
from grip strength, gait speed, step length, TUG, 
dt-TUG, %TUG, and the fall prediction model.  
Each cutoff point was defined as the point at which 
the sum of sensitivity and specificity was highest 
(Figure 1).  The cutoff points for TUG and dt-TUG 
were 9.3 and 12.49 seconds, respectively.  While 
some sensitivity values were as low as 62.5 and 
50%, the largest AUC and the highest sensitivity 




　The fall prediction model was applied to all 
participants.  All of them provided information 
about their fall experiences.  Twelve individuals 
had been predicted to fall during the 12-month 
follow-up period ; however, only 5 people actually 
fell.  Among these 5 individuals, three of them had 
been predicted to fall, but 2 had not been predicted 
to fall.  The success ratio of the fall prediction 
model was 60%.  Nine of the 12 individuals that had 
been predicted to fall did not fall.
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　Our result showed that TUG was the most 
important factor for fall prediction ; however, dt-
TUG was also related to fall prediction in 
community-dwelling people that were not in 
receipt of a care service.  Therefore, dual task 
performance could be a useful reference factor for 
fall prediction. 
　For elderly daycare users, the number of faller 
was larger (32%) than those of previous studies 
(from 10 to 20%) and there were no significant 
differences between the fallers and non-fallers in 
any of the factors we examined.  These results 
suggest that fall in elderly daycare users does not 
occur according to their physical factors examined 
here but to another unrevealing factor.  This result 
and those of our previous study22) suggest that 
individuals who need elderly daycare are always at 
risk of falling ; therefore, fall prediction is pointless 
for this group.
　Changes in gait due to dual task performance 
have been reported among older adults26), and a 
relationship between gait during dual task 
performance and future falls has been reported18-20). 
Beauchet et al.19) suggested that backward counting 
provoked significant gait changes compared to 
walking alone, but did not provide any additional 
predictive information with regard to fall prediction 
including from simple walking.  This result 
supports our findings.
　Beauchet et al.27) reviewed studies about the 
utility of dual task performance for fall prediction 
performed from 1997 to 2008.  Some studies13-21) 
suggested that dual task performance was related 
to fall risk, whereas others28-30) suggested the 
relationship was weak. However, these studies did 
not involve a standardized method, participant 
characteristics, etc. ; therefore, no consensus on the 
utility of dual task performance in relation to fall 
prediction has been reached. 
　Nordin E et al.31) suggested that a shorter step 
length during dual task performance than during 
simple walking was related to fall prediction.  In 
the future, we need to study the appropriate usage 
of dual task performance in the relation to fall 
prediction.  
　In experiment 1, we produced a fall prediction 
model and then investigated the accuracy of the 
model.  As a result, we found that the success ratio 
of the fall prediction model was 60 % in experiment 
2.  Previous studies indicated that about 10－20% of 
elderly people experience a fall within a 12-month 
period, while 12.8% of all participants fell during 
the 12-month follow-up period in this study.  A 
meta-analytical method should be used to produce 
a more accurate fall prediction model in future.
　The limitation of our study is that we use a 2-
step forward calculation and TUG as the dual task 
test, while the result evaluating by another type of 
dual task test on fall is still obscure.  A counting 
task depends on working memory and information 
processing relates to executive function32・33).  In this 
study, we should assess physical performance 
making the most of dt-TUG because of the lack of 
MMSE in the fall prevention class.  Therefore, it 
will be the future theme of study to assess working 
memory on fall.  Another limitation is that the 
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living environment of the participants is not 
evaluated.  The fall incidence of the community-
dwelling elderly is known to depend on their 
surroundings, while the fall in the elderly receiving 
care service depends on their physical disorder34) 
in conflict with our results.  The issue of the 
variant factors affecting fall among subjects 
groups is still remained.
	
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要　　　旨
　高齢在宅生活者を対象に、転倒予測における二重課題の評価は重要因子となるかを研究
目的とした。今回は、以前評価を行った転倒予防教室参加者５８名、デイケア利用者５０名に
対し、実験１ではその後１年間の転倒有無を追跡調査し、年齢、性別、服薬、歩行速度、
歩幅、動的立位バランス、Timed Up＆Go（以下TUG）、TUGと加算の二重課題（以下dt-
TUG）を因子として検討し、転倒予測モデルを作成した。実験２では新たに３９名の対象者
に対して調査し、転倒予測モデルの有用性を検証した。
　結果、実験１では転倒予防教室参加者で転倒した者は８名であり、転倒と各項目の分析
では、握力、歩行速度、歩幅、TUG、dt-TUGの５項目に有意差がみられた。デイケア利用
者は５名の追跡調査ができず、転倒した者は１６名であり、転倒と項目の有意な関連がな
かった。転倒予測モデルについて転倒予防教室参加者を用い多重ロジスティック回帰分析
をした結果、TUGと過去１年間の転倒経験が抽出された。実験２では３９名のうち、予測モ
デルで転倒が予測された者は１２名であった。追跡調査で転倒した者は５名で、そのうち３
名は予測できたが、２名は予測できなかった。
　以上より、転倒予測に有用な因子はTUGであり、dt-TUGは参考程度の因子であった。ま
た、転倒予測については、今回の項目の身体機能と転倒経験だけでは高い抽出率を得るの
は困難と示唆された。
